Introduction: Experimental evidence suggests positive effects of physical activity on skeletal mass. Biochemical markers determine the response rate of bone metabolism to physical activity. Therefore, the aim of this study was to investigate the effect of Pilates exercise training on serum osteocalcin and parathormone levels in inactive and overweight women.
Introduction:
Based on the researches results about 40 percent of a woman's life is threatening by the risk of bone fracture (1) . Bone is an alive tissue. With an imbalance between the markers of bone metabolism it becomes osteoporosis.
Osteoporosis is defined as a reduction in bone mass and an impairment of bone architecture resulting in thinning and increased cortical porosity, bone fragility and fracture risk. Analysis of the fine structure of bone and decreased bone density leading to the loss of mechanical strength, bone fragility and at the end resulting bone fractures. Now this disease is one of the numerous public health problems in the world. The rate of bone fractures due to low bone density is over than incidents of cancer and stroke (2) (3) (4) (5) . Among the environmental effective factors, eating habits and physical inactivity, exercise plays the main role in development of this disease. Exercise and sport are regarded as non-pharmaceutical method to obtain the highest bone density during youth for improvement of bone density and prevention of bone density loss during old age. In this regard, findings show that continual physical activities particularly the exercises which put pressure on bone or have high bone load cause bone density and increase formation of bone. While the increase in bone formation due to exercise is considered responsible for increasing the structural-level mechanical properties of bone, the coinciding increase in tissue-level mechanical properties and fracture toughness have been attributed to changes in both the mineral and matrix composition (6, 7) .
Biochemical markers assesses dynamic changes in bone function. One of them is osteocalcin that plays an important role in calcium absorption, and other one is parathormone hormone (PTH) (8) .
Osteocalcin is a special marker of osteoblasts' function, major part is placed in the bone extracellular matrix after the synthesis and a little part enters the blood flow (9). Osteocalcin is the major non-collagenous protein in bone matrix produced by osteoblasts and dentin cells (10) . PTH is the major hormone regulating calcium metabolism and is involved in both catabolic and anabolic actions on bone. Intermittent PTH exposure can stimulate bone formation and bone mass when PTH has been injected. In contrast, continuous infusion of PTH stimulates bone resorption (11) . PTH hormone plays a role in regulating organic hemotacetic phosphate and plasma calcium ions by stimulating the activity of osteoclasts, stimulating the reabsorption of calcium in kidney cells, and unexpectedly increasing calcium intake in the intestine by stimulating the production of active form of vitamin D. Limited studies indicate that this hormone increases insulin sensitivity and improves glucose metabolism (12, 13) . Recent studies have shown that physical activity can affect biochemical markers and bone metabolism, including osteocalcin and PTH, and thus help maintain bone density in men and women, as well as in energy metabolism (14, 15) .
Physical activity seems to affect the structure of bones through three mechanisms: The first mechanism has a direct effect on bone, thus transmitting biological signals through mechanical receptors, the second mechanism is the indirect effect of muscle mass: The secondary mechanism affects mechanical receptors, and the last mechanism is the indirect effect of hormonal changes (19) . The third mechanism examines the effects of hormones which one of the most important of them is PTH hormone. On the one hand, studies have shown that there are contradictions in the results of bone regeneration and metabolism, and that the best type of exercise activity is not specified for bone optimization, and on the other hand Pilates exercise training is one of the methods of motion therapy that has recently been developed. Therefore, considering the importance of these two markers of bone metabolism, the limitation and contradiction in the results of the researches with the aim of the effect of training on bone metabolism, as well as the lack of studies in the field of long-term Pilates exercise training, more researches are required to evaluate the effect of long term Pilates exercise training on health. In light of these evidences, the aim of the current study was to investigate the effect of Pilates exercise training on osteocalcin and parathormone levels in inactive and overweight women.
Methods:
The present study is a semi-experimental design with pretest-posttest design which was conducted at Ahvaz sport club. The statistical population was inactive overweight women in Ahvaz city with the age of 25 to 35 years old and BMI between 25 and 29 kg/m 2 . Volunteers were recruited by using local advertisements. Among them, 28 people were selected. By completing the consent form for collaborative research work, the subjects expressed their readiness to participate in the study. The exclusion criteria for the exercise intervention were: no smoking and no drinking alcohol, lack of thyroid disorders, any functional limitation or chronic disease that might have limited training and testing of the cardiovascular, musculoskeletal, or respiratory systems; any disease or medication known to affect bone metabolism; pregnancy or breast feeding; and current or previous participation in impact-type exercise. In addition, the lack of regular exercise during the past 6 months and the ability to perform exercise activities were Downloaded from hmj.hums.ac.ir at 9:18 +0430 on Saturday September 1st 2018 conditions for entering the research. The women were divided randomly into two groups (training group and control group) of 14 persons. The training program consisted of 12 weeks Pilates exercise training (20) 3 sessions per week and 60 minutes each session. Each training session included three steps: 1) warming up (15 minutes); 2) Pilates exercise training (35 minutes); 3) returning to the initial state (10 minutes). These exercises were divided into the first part of the training on the mattresses (the first 6 weeks) and the second part of the exercises using rubber band and ball (the second 6 weeks) ( Table 1 ). The movements began to be simple, and their intensity and complexity were continued to increase. Exercise intensity was measured by the Borg index. The intensity of exercise in the warming up and cooling down was 10-8 RPE, and during the main exercises from the first week to the last week (18-10 RPE) was gradually increased. The exercises were initially steady, then continued sat and slept. The control group did not have activity during this period and were asked to continue their normal daily lives. Before starting the exercise, height, weight, WHR (waist circumference [cm]/hip circumference [cm]) and BMI were measured and using body composition measuring device for all participants. Blood samples were taken 48 hours before and after the last session of exercise training. After 12 hours fasting, 5 ml of blood from each person's vein was taken between "8-9" o'clock in the morning. Centrifugation was performed at 3000 rpm for 10 min, the serum was isolated and stored at -70 C. The serum level of osteocalcin (Elisa kit manufactured by Zellbio, Germany), and the serum level of PTH was measured by the ELISA method (Elisa kit manufactured by Zellbio, Germany). For all data, the mean and standard deviation for each group were calculated. Descriptive statistics were used to show the mean and standard deviation.
The normal distribution of data was studied by using Shapiro Wilkes test. After assuring the normality and homogeneity of the groups, paired t-test and ANCOVA test were used to examine for within-group changes from pre-data to post-data and between-group differences, respectively. All data are expressed as mesns±standard deviation. The significance level of statistical tests was defined at P≤0.05. Data were analyzed by SPSS version 23 software.
Results:
All the participants completed the three months Pilates exercise training. The anthropometrics and some bone biochemical characteristics information are presented in tables 1 and 2. Prior to commencement of the program, the results of this study showed that, after 12 weeks of Pilates exercise training, serum levels of osteocalcin were significantly increased in within-group changes (P=0.017) and in between-groups changes (P=0.015). This changes were significantly higher than those in control group. But serum levels of PTH were significantly increased only in within-group comparisons (P=0.036), while there was no significant difference in between-groups changes (P=0.052). With regard to the changes in bone metabolism markers after the 12-week exercise program, weight, BMI and waist-hip ratio were decreased significantly (P≤0.05) in training group compare to control group (Page number; 14). 
Conclusion:
Exercise performance reportedly has great effects on bone formation. The aim of this study was to investigate changes of serum osteocalcin and PTH levels in inactive overweight women after three months of Pilates exercise training. The main purpose of these exercises is to increase muscle strength, flexibility, balance and physical condition. In fact, Pilates exercise is a useful method for practicing mind, body, and position control (21) . In Pilates, a person first takes complete control of his body and then, through repetition of movements in a gradual but in a progressive manner, achieves a natural kind of coordination (22) . Only a few controlled prospective trials on the long term effect of impact exercise on bone metabolism have been conducted. Recent findings showed a significant increase in osteocalcin hormones after 3 months of Pilate's fitness exercises compared to the control group. Based on the result of the current study, increasing in osteocalcin levels is consistent with some other studies such as Ghorbanian and Barani (2017) (23), and Kim et al (2015) (24) . In the study conducted by Ghorbanian and Barani (2017) , a correlation between osteocalcin and PTH serum with glycemic, lipid and adipocyte parameters after 10 weeks of aerobic training in women with type 2 diabetes was showed, Based on the results of their study, the amount of osteocalcin was significantly increased after 10 weeks of aerobic training. It seems that one of the main mechanisms that exercises increase the levels of osteocalcin is: activity of bone cells and its response to exercise mechanical stress that cusses secretion of osteocalcin from the bone cells and the latter is discontinuation of energy metabolism during physical activity (25, 26) . The changes in osteocalcin is not consistent with Nowak et al (2008) (27) and WieczorekBaranowska et al (2012) (28) . In general, the contradictory findings of the studies that are being investigated show that the effects of exercise training on bone metabolism affected by many factors, such as the type of exercise activity (e.g. weight bearing), age and sex of subjects may respond bone metabolism indices which affected by the exercise training. In addition, other factors like genetic characteristics, nutrition and hormonal status of subjects seem to be influenced exercise responses. (29, 30) . Another aim of the current research was to measure the serum level of PTH variable, which showed a significant increase only in within group comparisons and did not show a significant difference in comparison between groups (P<0.05). PTH is one of the hormones involved in stimulating, forming and absorbing of bone and is one of the most important bone regulators. The most important physiological role of this hormone is to preserve hemostatic calcium ions and inorganic phosphate via the receptor associated with kidney, bone and bowel proteins (31) . Various exercises such as running on treadmill, jumping, and resistance exercises have various mechanisms for activating bone cells. Some dynamic activity studies have been considered as the best exercise for young people and adolescents because of their effect on bone mineral. Scott et al (2010) have shown that shortterm and exhausting exercises on treadmill have significantly increased their parathyroid hormone levels, while their values 1 to 2 hours after exercise is reduced to baseline values (32).
In some studies, the increase in the level of PTH was followed by exercise activities: Barry et type, intensity, duration and repetition of activity as well as the amount physical fitness and age of different people. The intensity and amount of exercise pressure are the main cause of the contradiction of the response Parathyroid hormone which has been investigated. So that, in most researches that exercise causes increase parathyroid hormone levels, adequate exercise intensity has been known as an important reason for increasing in the amount of hormone changes Parathyroidism (Parathormone) (23) . It has been said that one of the reasons for the increase in the PTH after exercise is metabolic acid (32). It has been pointed out that acidosis has a direct effect on the increase of parathormanes, which is independent of calcium. The proposed mechanisms for reducing calcium and increasing the pituitary hormone interactions due to exercise activity are increased calcium excretion by sweating, increased concentration of hydrolysate released phosphate and muscle creatine phosphate which attaches to ionizing calcium (36) . The results of this study is the same with Evans et al (2008) (37) , in male athletes and Lester et al (2009) (38) . Based on research results of Evans et al (2008) (38) levels of PTH did not change significantly in young athletes after exercises. In addition, Maimoun et al (2011) suggested that an increased stimulation threshold for increasing PTH levels in exercise should be considered as an anabolic agent in bone turnover (39). So it seems that the intensity of exercise in the present study was not enough to stimulate this effect.
In summary, there were some limitations such as low numbers of subjects, dietary control, hereditary and psychological factors that may affect the findings of the research. Therefore, with all the limitations, it seems that the results of the present study program is argued an increase in some biochemical markers of bone after 12 weeks Pilates exercise training. Our results emphasize the necessity of continuous training to achieve bone benefits.
